Introduction
Brazil has one of the world's highest cesarean section rates in the world (38% of live births in 2000) 1 , surpassed only by Chile, with 42% in 1999 2 . Recently, a slight downward trend in the cesarean rate has been observed in the Brazilian public sector, from 32% in 1994-1997 to 25% in 2001 3 .
In Brazil, higher socioeconomic status is associated with increased probability of a cesarean section. Thus, the cesarean rate is higher in more developed regions like the Southeast (45%), South (40%), and Central-West (43%) than in the less developed North (27%) and Northeast (25%) 4 . The rate is also higher in private hospitals (70%) as compared to public (32%) 5 and in women with more schooling and higher income 6 .
Another aspect of inadequate use of cesareans in Brazil is the difficult access to hospital care (particularly in poorer regions of the country) 7 , but even in developed metropolitan areas like Rio de Janeiro the excessive use of cesarean sections coexists with its absence when clearly indicated 8 .
Studies suggest several factors related to the high cesarean rate, including obstetrician's convenience with this programmed intervention 9 , physicians' lack of training for unexpected situations during delivery 10 , lack of integration between prenatal and childbirth services, and the hospital shift system, which does not allow women to remain in labor from one shift to the next 11 .
Contrary to allegations by some obstetricians, recent studies, including the Latin American Study on Cesarean Sections (ELAC) 14 , show a declared preference for vaginal birth among Brazilian women (about 70%) 5, 12, 13 . This study shows faster recovery and a less painful postpartum as the principal reasons for this preference, and the absence of contractions as the principal advantage of a cesarean. Most women feel that a cesarean should be performed only when there is no alternative (due to serious illness of the woman or risk to the fetus) 14 .
This study focuses on the association between cesarean sections and factors related to the patient, physicians, and organization of obstetric practice. Brazilian epidemiological studies on these three dimensions are scarce 11, 15 . We thus aim to contribute to a more detailed knowledge of the mechanisms leading to cesarean sections in the selected maternity hospital.
Methodology Study design
A case-control study was conducted from October 1998 to March 1999 in a public maternity hospital in the city of Rio de Janeiro, where cesarean deliveries were classified as cases and vaginal deliveries as controls.
The sample was planned to include 225 cases and 225 controls 16 . With 80% power and a 5% significance level, this number was sufficient to detect an odds ratio (OR) of ≥ 2.0 for an exposure among controls ranging proportionally from 15% to 70% 16 . All cesarean deliveries occurring on the day prior to the interviews, plus a systematic sample of approximately 50% of the vaginal deliveries chosen from the hospital's birth registry, were included in the study. Exclusion criteria were mother's age < 16 years, gestational age < 28 weeks, stillbirths, and deliveries by obstetric nurses (since they performed only vaginal deliveries).
Data sources
Data were collected in interviews with postpartum mothers in the infirmary, from 24 to 48 hours after birth. Interviews with physicians and review of patient charts were also performed. The study was approved by the institutional review board, and informed consent was obtained from participants before interviews.
Information was collected from the women on socioeconomic and demographic characteristics, reproductive history, prenatal care, adverse gestational or labor events, preference for cesarean, request for cesarean, women's perception of signs of labor when leaving home for the hospital, and tubal sterilization. In the review of medical charts, admission characteristics, labor management, and time of birth were recorded. In the interviews with obstetricians, information was taken on gender, age, year of graduation, work in private clinics, and number of hours per week on hospital duty.
Data analysis
According to the conceptual model created and tested by Freitas 11 , the factors that influence type of delivery can be grouped into hierarchical levels of influence, numbered from 1 to 7 ( Figure 1 ).
An initial bivariate analysis was performed to identify significant associations between type of delivery (cesarean vs. vaginal) and a series of independent variables. Odds ratios were estimated only for variables showing significant association with type of delivery (p < 0.05).
Multivariate logistic regression analysis was performed with SPSS, version 8.0 (SPSS Inc., Chicago, USA). Variables were entered into the model manually, according to the hierarchical order established by the conceptual model 11 . A model was fitted for each level. In the first model, first-order variables that were significant in the bivariate analysis were included. In the second model, only first-order variables with a significance of 0.10 or less (measured by the Wald test) remained, along with significant variables from the second level. This procedure was repeated until the last level. The model's explanatory power at each level was evaluated by measuring the increase in the value of -2 log likelihood (-2LL) with the model's χ 2 . These statistics allow assessing the effect of intermediate variables on the complex framework of direct and indirect relations among several factors, such as social, demographic, biological, and organization of medical care 11, 13, 17, 18, 19, 20 .
Results
The final sample size was 461 women (231 cesarean sections and 230 vaginal births). The cesarean rate during the study was approximately 30%.
Bivariate analysis
Median age was 24 years for cases (cesarean sections) and 22 for controls (vaginal deliveries). The odds of cesarean were significantly higher for women > 20 years of age compared to adolescents. Only 1/6 of the women had completed high school or university, and their probability of cesarean was 60% greater than for women with less schooling. There was a FACTORS ASSOCIATED WITH CESAREAN SECTIONS 2069 strong association between childbirth/obstetric history and type of delivery. Primiparae and multiparae whose last delivery was by cesarean had significantly higher odds of cesarean than multiparae whose last delivery was vaginal (Table 1, level 1).
As for prenatal characteristics (Table 1 , level 2), the odds of cesarean section were significantly higher for women with more than six prenatal visits, who had begun prenatal care in Tubal sterilization also increased the odds of a cesarean, while leaving home with signs of labor showed significantly lower odds of cesarean. Various admission characteristics ( Table 2 , level 5) were significantly associated with cesareans. The strongest associations were for cervical dilatation < 3cm and non-cephalic fetal presentation. In the management of labor ( Table 2 , level 6), use of oxytocin and amniotomy showed significantly lower odds of cesarean section. As for the obstetrician's characteristics, male gender, > 20 years since graduation, private practice, and more than 24 hours/week on duty increased the odds of cesarean. At level 7 there was a significant association between type of delivery and time of day, with cesarean sections more frequent from 9:00 am to 2:59 pm (Table 2) .
Multivariate analysis
The first characteristics included in the model were woman's age and educational level (Table  3) . After adjustment for parity/obstetric history, women > 35 years of age showed an OR of 7.3 for cesarean section (95%CI: 2.9-18.5) as compared to younger women. In addition, a persistently strong influence was shown for both first delivery and previous cesarean: primiparae showed an OR of 6.7 (95%CI: 3.8-11.9), and multiparae whose last delivery was cesarean had an OR of 19.3 (95%CI: 10.2-36.5) as compared to those whose last delivery was vaginal.
At level 2 (Table 3) , the positive association between the number of prenatal visits and odds of cesarean disappeared when prenatal variables, age group, and obstetric history were included in the model. However, initiating prenatal care in the first trimester and having pre- natal care and delivery in the same hospital maintained a strong effect on the odds of cesarean section after adjusting for variables at this level and the previous one. At level 3 (Table 3) , hypertension and bleeding continued to be associated with cesarean section. However, because of low precision, third-trimester bleeding was excluded from the model.
At level 4 (Table 3) , the OR for cesarean doubled in women who declared a preference for surgical delivery (95%CI: 1.1-3.4). Women with signs of labor before leaving home had 80% lower odds of cesarean (OR = 0.2; 95%CI: 0.0-0.3), after adjusting for statistically significant variables from the previous levels. At this level, performance of tubal sterilization also lost statistical significance.
Time of admission and membrane status (Table 3 , level 5) lost statistical significance (shown previously). Cervical dilatation on admission was still one of the variables most strongly associated with type of delivery: women admitted with < 3cm dilatation had an OR for cesarean of 8.5 (95%CI: 4.3-16.6) as compared to those admitted with ≥ 3cm. Gestational age also remained in the model: gestations > 41 weeks were more prone to cesarean (OR = 4.8; 95%CI: 1.8-12.8). Fetal presentation was excluded from the model due to the low precision in the estimate of association. Inclusion of cervical dilatation at admission decreased the magnitude of the association between cesarean section and age group, prenatal care and delivery in the same hospital, and hypertension.
At level 6 (Table 3) , the strong inverse association between both oxytocin and amniotomy and cesarean section was maintained. Inclusion of these variables in the model reduced the effects of both age and previous cesarean.
Among the obstetrician's characteristics, the association between male gender and cesarean section was significant (OR = 2.1; 95%CI: 0.9-4.7), after adjusting for other physician characteristics and previous levels. Time spent on hospital duty per week (> 24 hours) and work in private clinics remained in the model, with a fourfold (95%CI: 1.5-9.2) and threefold increase (95%CI: 1.1-10.2) in cesareans, respectively.
Finally, level 7 (Table 3) suggests that if delivery occurred during the morning to early afternoon (09:00 am to 02:59 pm), the OR for a cesarean was 2.7 (95%CI: 0.9-8.4) as compared to the early morning (00:00 to 05:59h). The variables added at each level significantly improved the explanation of the target variable.
Discussion
This study identified characteristics of patients, physicians, and obstetric care that are potentially related to type of delivery. The strongest predictors of cesarean section were last delivery by cesarean and cervical dilatation of less than 3cm at admission. In this public maternity hospital, age (20-34 years), primiparity, last delivery by cesarean, patient requesting a cesarean, cervical dilatation < 3cm at admission, post-term gestational age, male attending obstetrician, and obstetrician on hospital duty > 24 hours per week or with a private practice, and delivery during the day shift (9:00 am to 3:00 pm) were independent predictors of cesarean. On the other hand, signs of labor before leaving home, pre-term gestational age, oxytocin, and amniotomy were associated with decreased odds of cesarean.
Some limitations in this study must be considered. Compared to medical charts, most of the patients' self-reported information on obstetric history and adverse gestational events was valid. It is possible that questions such as those related to preference and requests for cesarean should be repeated at different moments during the gestation (see Potter et al. 5 ). Occasional changes of opinion (related to physical and emotional problems) could thus be monitored. This study did not include private patients (from private hospitals), who may have different characteristics, not susceptible to the proposed interventions.
As expected, various patient characteristics involved increased odds of cesarean section. Young women were more prone to cesareans than adolescents, suggesting that age is an independent predictor of type of delivery, in agreement with other Brazilian authors 11, 21, 22 who reported a similar association. In our study, the effect of age was partially explained by cervical dilatation at admission and use of oxytocin, indicating that both the stage of labor and its management may reduce the effect of age on the odds of cesarean. Still, even after adjusting for variables at all levels, the effect of age remained.
No association was found between mother's schooling and type of delivery. This can be explained by the relative socioeconomic homogeneity of these patients, also found by Freitas 11 . However, obstetric history strongly influenced type of delivery. The association between primiparity and cesarean section was also found in Brazil by Janowitz et al. 21 and Barros et al. 23 . According to Freitas 11 (p. 154), the majority of obstetricians "considered primiparae less capable of dealing with the difficulties of labor".
The strong influence of previous cesarean on the odds of repeating the surgery was also observed by Freitas 11 . Prior cesareans were among the principal medical indications of a cesarean in Brazilian studies based on hospital records 24 . In our study, this effect was only reduced when oxytocin was included in the model, suggesting that the way labor is managed can reduce the odds of subsequent cesareans. Although the literature reports excellent results with trial of labor 25, 26 , this practice has still not been incorporated into Brazilian obstetric practice.
Regarding prenatal care characteristics, our study showed that women who had prenatal care and delivery in this same public maternity hospital had increased odds of cesarean, even after adjusting for age, obstetric history, and adverse gestational events. Thus, this association cannot be entirely explained by the patient's increased gestational risk, leaving one to speculate that the type of information and suggestions transmitted by health services during prenatal care may favor cesareans 11, 22, 27 .
The effect of adverse gestational events decreased (losing statistical significance) after adjusting for cervical dilatation at admission, suggesting that hypertension may not be a motive for not attempting vaginal delivery 28 .
The declared preference for vaginal delivery expressed by most patients in our study is consistent with other Brazilian studies 5, 11, 12, 13, 14 . Our study showed a positive association between preference for cesarean and delivery by cesarean.
An original result of our study, not identified in the literature consulted, relates to the importance of women's proper perception of labor signs when leaving home for the hospital, yielding significantly lower odds of cesarean. The effect was direct and was not explained by any of the other variables. Likewise, early admission (with cervical dilatation < 3cm) was one of the strongest predictors of cesarean. Freitas 11 argues that the patient's psychological status on arrival influences both the way they deal with labor and the obstetrician's decisions. Clement 29 agrees with the observation that early arrival at the maternity hospital can affect progress of labor. These results indicate the importance of prenatal orientation on typical signs of labor, enabling women to adequately recognize them and avoid coming to the maternity hospital too early.
In relation to management of labor, use of oxytocin was associated with decreased odds of cesarean, consistent with the findings by Freitas 11 . This result was not eliminated by adjusting for all other variables, suggesting that the decreased odds of using oxytocin in women submitted to cesarean occurred because the decision for cesarean had already been made, thus dispensing use of this medication.
The influence of obstetrician's characteristics on type of delivery appears to occur due to the variability in the perception of symptoms indicating the need for cesarean 11 . In our study, cesareans were performed more frequently by male obstetricians, those with > 24 hours/week on duty, or those with private practices. These characteristics may indicate a more interventionist profile for obstetricians subject to an excessive workload. This result is consistent with Freitas 11 , who identified doctor-centered organization of obstetric practice with little teamwork and excessive workload as contributing factors to cesareans. Concerning the association between obstetrician's gender and type of delivery, female obstetricians in the public maternity hospital may be more sensitive to the influence of government policy to curb the cesarean rate, or they may have different jobs and/or less demanding work hours. This result deserves more in-depth qualitative research on such differences. Various studies indicate the effects of obstetrician's characteristics on type of delivery 10, 11, 30, 31, 32, 33 , but we found only two 34, 35 with an independent association between male gender and increased odds of cesarean.
Our study showed increased odds of cesarean during some periods of the day. This result, with no apparent technical explanation, suggests that convenience of the team on duty influences type of delivery. Freitas 11 also observed the practice of speeding up delivery during the day in cases which could prove to be more protracted or prone to complications, in order to avoid dealing with them in the middle of the night.
These data reinforce the importance of avoiding early hospital admission, which could lead to an erroneous diagnosis of prolonged labor after a few hours. This could be accomplished through reorganization of prenatal care, with more frequent appointments scheduled toward the end of pregnancy and provision of adequate information on the signs of labor, as well as guaranteeing a vacancy in the maternity at the necessary time. Medical training in the use of the partogram could help reduce anxiety in both physicians and patients and lead to more adequate treatment.
Policies instituting trial of labor for women with previous cesareans are also important for reducing the cesarean rate. This would require increased medical training as well as more accurate information during prenatal care for women with previous cesareans. Changes in medical education (to consider delivery a physiological rather than pathological event) could reduce the fear of unexpected situations during labor instead of prioritizing the degree of medical control offered by the surgical procedure. 
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